The Tactile Helmet is designed to augment a wearer's senses with a long range sense of touch. Tactile specialist animals such as rats and mice are capable of rapidly acquiring detailed information about their environment from their whiskers by using task-sensitive strategies. Providing similar information about the nearby environment, in tactile form, to a human operator could prove invaluable for search and rescue operations, or for partially-sighted people. Two key aspects of the Tactile Helmet are sensory augmentation, and active sensing. A haptic display is used to provide the user with ultrasonic range information. This can be interpreted in addition to, rather than instead of, visual or auditory information. Active sensing systems "are purposive and information-seeking sensory systems, involving task specific control of the sensory apparatus" [1]. The integration of an accelerometer allows the device to actively gate the delivery of sensory information to the user, depending on their movement. Here we describe the hardware, sensory transduction and characterisation of the Tactile Helmet device, before outlining potential use cases and benefits of the system.
Introduction
Touch is a richly informative sensory modality that can provide information about both the identity and location of objects. However, touch sensing is fundamentally local in humans, and distal environmental information must be gathered by other senses. In certain environments and situations a person's ability to acquire information about the distal environment, and objects within it, using vision or audition may be impaired, such as when a fire-fighter is searching a smoke-filled building. Such environments are usually noisy, often dark, and visually confusing. In such circumstances a rescue worker's vision and hearing may already be stretched trying to make out shapes and structures through the smoke, or to listen out for the cries of trapped people above the background noise. The inspiration for this project comes from our past research on tactile sensing in rodents, whose facial whiskers give early and rapid warning of potential hazards or nearby objects of interest through a purely haptic channel, and the active direction and focusing of the whiskers to provide further information. We have recently shown that robots can be effectively controlled using information about their environment from arrays of whisker-like sensors [2] .
Here we propose to use artificial distance detectors to provide people with a similar controllable sense of distal space. Various technologies have been developed to provide information about the world to assist navigation and exploration, usually through sensory substitution. Sensory substitution involves presenting the characteristics of one sensory modality -the 'substituting modality' -in the form of another sensory modality -the 'substituted modality' Examples of sensory substitutions include presenting luminance (a characteristic of visual perception) in the form of a grid of vibrating tactile elements [3] or as a auditory landscape [4] . The translation from a characteristic of one modality to another in sensory substitution devices is usually fixed, and consequently the function of these devices is likewise inflexible. Another approach to assistive technology is sensory augmentation, where the device extends perceptual capabilities. This is contrasted with sensory substitution, where the sensory experience provided by the device is reducible to an existing modality [5] . As a sensory augmentation device is not designed to merely translate a scene, different patterns of activity can be used to communicate different types of information from moment to moment, allowing for greater functional flexibility compared to sensory substitution devices. In sensory augmentation, the aim is to reproduce the function of a sensory modality as a way of interacting with the world, rather than translate the form of one modality into the form of another [6] . Sensory augmentation can also include the creation of an additional 'sense' by presenting information about the aspects of the world that are outside human perceptual capabilities, such as a perception of magnetic north [7] . As this sense would be novel, its presentation cannot be a translation of its form into another sense and thus devices doing so cannot be considered to perform sensory substitution (although they might be more specifically called sensory enhancement devices [8] ). Extra senses provided by sensory augmentation can be interpreted and used to guide behavior [8] and aid those with impaired senses, such as providing the visually impaired with spatial sensory information thus aiding movement [7] .
The beneficiaries of sensory augmentation are not limited to the sensorily impaired. Personnel working in environments that temporarily restrict their sensory capabilities may also benefit from sensory assistance. Fire-fighters in smoke-filled buildings are often unable to visually locate important objects such as people, doorways, furniture, etc. Although details vary between countries, the universal bestpractice method employed by fire-fighters traversing smoke-filled environments is primarily haptic, and involves maintaining contact with a wall or guide-rope and exploring the interior of the room by moving with an extended hand or tool (e.g. [9, 10] ). This practice has been used for most of the past century and has not so far been supplanted by more technologically sophisticated approaches.
